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Figure 1. Existing and proposed configurations of the Project-related transmission lines
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and nearby CT DOT catenary structure (view facing northeast).

Distances |, Il, lll, and 1V vary throughout the route. A summary of the range
of these distances is summarized in Appendix A, Table A-1.
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Figure 2. Overview of the route segments containing modeled cross-sections along the
Project route.

The direction of arrows shows the view of modeled cross sections.
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Results and Discussion

Measured EMF Levels

EMF measurements were obtained within the CT DOT corridor (as close to the edges of the
corridor as could be safely measured) and at or near the boundaries of the adjacent properties
listed in Attachment D. Measured magnetic-field levels within the CT DOT corridor averaged
between 20 and 23 mG.2 Measured electric-field levels within the CT DOT corridor varied
between approximately 0.2 and 0.3 kV/m with a maximum measured level of 0.5 kvV/m. EMF
measurements in other areas within 300 feet of the CT DOT corridor were generally lower,
consistent with the rapid decrease in EMF levels with distance. The average measured magnetic
field in these areas (outside the CT DOT corridor) varied from approximately 0.2 mG to

8.7 mG, and all electric-field levels were generally less than 0.1 kV/m.

Attachment D provides both annotated aerial photographs of measurement locations and
measured EMF values collected while walking within the existing CT DOT corridor and
adjacent to residential properties. Attachment D also provides measured EMF values along the
Woodmont Road overpass that transects the transmission lines. Table D-2 of Attachment D

provides summary statistics for all obtained measurements.

Calculated EMF Levels

The calculated EMF levels from the Project are very far below accepted levels of exposure to
the general public in ICNIRP or ICES standards. Figure 4 shows the graphical representations
of the calculated EMF levels on the same scale as the ICNIRP reference levels (2,000 mG and
4.2 kV/m). The scale of the graph on the right is changed to magnify the small differences
between the calculated existing and proposed EMF levels. The highest EMF levels are in route

segments with the transmission lines in configuration XS-C; these result from the higher

8 Isolated magnetic-field levels reached up to 197 mG, corresponding to locations while walking across the
railway from one side of the CT DOT corridor to the other. This observation is consistent with potential current
flow related to railroad operation, though the source was not conclusively identified through measurements.
Regardless, these maximum levels occurred near the center of the CT DOT corridor, far from the edge of the
corridor or adjacent properties.

14
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electrical loading on the transmission lines. Here, even directly beneath the transmission lines
where EMF levels are highest, EMF levels are more than 30-fold below the lowest limit.
Farther from the transmission lines, at the CT DOT corridor boundary and beyond, EMF levels
are still lower. In other proposed Project configurations (e.g., XS-A and XS-B), the EMF levels

are even lower, and therefore very far below the lowest limit for exposure of the general public.

The calculated EMF levels for existing and proposed configurations of the modeled cross-
sections are discussed below. Attachment B contains a tabular summary of magnetic-field
levels at average and peak loading (Table B-1 and Table B-2, respectively) and electric-field
levels (Table B-3). Attachment C provides graphical profiles of magnetic-field levels (Figure
C-1to C-3) and electric-field levels (Figures C-4 to C-6) illustrating the EMF level along
transects perpendicular to each segment of the Project route for existing and proposed
conditions. These graphical profiles provide a visual summary of the calculated results along
with representations of the existing and proposed structures for illustrative purposes. These
results also show that the new Ul easement extends farther north from the existing CT DOT

corridor boundary.

15
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Figure 4. Magnetic-field levels in XS-C compared to the ICNIRP limit of 2,000 mG (left) and electric-field levels in XS-C

compared to the ICNIRP limit of 4.2 kV/m (right). ICES limits for magnetic and electric fields within a transmission

line right of way are 9,040 mG and 10 kV/m, respectively. These limits are represented by the upper bounds of the
graphs. Note change in scale of figure at right to magnify the small differences in existing and proposed calculated

field levels.
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Magnetic Fields

The relocation of the transmission lines to double-circuit monopoles north of the existing

catenary structures has two main effects on EMF levels.

First, the overall EMF levels are reduced due to co-location of the transmission lines on new
monopole structures in a vertical configuration (with optimal phasing). This design also reduces

the maximum magnetic field under the lines.

Second, the existing EMF profile is roughly centered on the CT DOT corridor, but the proposed
profile shifts to the northern side of the CT DOT corridor. As a result, magnetic-field levels at
the northern edge of the CT DOT corridor will increase compared to existing levels. At average
loading, the highest magnetic-field level underneath the existing lines was calculated to be 80
mG in XS-C, decreasing to 65 mG for the rebuilt lines (see Attachment B, Table B-1). The
existing magnetic-field levels at the northern CT DOT corridor boundary range from 21 mG to
65 mG. Atthe same CT DOT corridor boundary, the magnetic-field levels for the proposed
configurations vary between 40 mG and 62 mG. As shown in Appendix B, Table B-1 and B-2,
field levels decrease rapidly with distance to within 1 mG of pre-project levels within
approximately 100 feet of the existing CT DOT corridor boundary and are 4.7 mG or less for

either existing or proposed configurations.

At the southern CT DOT corridor boundary, a decrease in the magnetic-field level was evident
because of the removal of the transmission line from the southern catenary structures. The
magnetic-field level at the existing southern CT DOT corridor boundary ranges between 63 mG

and 67 mG and decreases to 5.4 mG or less after the Project.

The magnetic-field levels were calculated to be similar for peak and average loading, as

summarized in Attachment B, Table B-2.

Electric Fields
The calculated profiles of electric fields also shift northward as a result of the Project, but

remain low both before and after the Project. The maximum electric-field levels under the

17
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existing lines are generally low (a maximum of 0.7 kV/m) and the maximum electric-field was
not calculated to change significantly as a result of the Project (0.6 kV/m). At the edge of the
easement (either the existing CT DOT boundary or the proposed Ul easement edge), electric-
field levels also were calculated to be low (0.6 kV/m or less) before and after the Project.

18
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Conclusions

This report summarizes measurements and calculations of the EMF levels associated with the
pre-Project configuration and post-Project configurations of the Ul Milvon to West River 115-
kV transmission lines. Elements of the Project design reduce magnetic field levels, a goal
consistent with the CSC’s EMF BMPs design goals (e.g., taller structures, line consolidation
onto a single structure, and optimal phasing). Additionally, all measured and calculated EMF
levels associated with the Project were a small fraction of limits recommended for the general
public by international health-based standards (i.e., ICES and ICNIRP).

Pre-construction EMF measurements along the Project route were generally consistent with
EMF levels calculated for the existing configurations of the transmission lines. Measured EMF
levels outside the CT DOT corridor were generally lower than those measured inside the

corridor, consistent with the rapid decrease in EMF levels with distance.

The relocation of both transmission lines to double-circuit monopoles north of the existing
catenary structures will both reduce overall EMF levels and also shift the EMF profile closer to
the northern side of the CT DOT corridor. As a result, magnetic-field levels on the northern
side of the CT DOT corridor will increase compared to existing levels, but will diminish to
within 1 mG of pre-project levels within approximately 100 feet of the existing CT DOT

corridor boundary.

On the southern side of the CT DOT corridor, EMF from the proposed Ul transmission lines
will decrease substantially below existing levels along the entire Project route because of the
removal of the transmission line on the southern catenary structures and its repositioning to new

monopole structures.

Electric-field levels at the edges of the CT DOT boundary were calculated to be low (0.6 kV/m

or less) before and after the Project.

19
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Transmission Line Configurations

As a part of the Project, all existing transmission lines will be removed and replaced by
transmission lines located on steel monopole structures north of the existing catenary structures,
with a greater minimum height from the ground. The physical configurations of the
transmission lines are similar throughout the route, with some small differences in the existing
phasing of the transmission lines and with varying distances between the proposed transmission
lines, the existing infrastructure, and the boundaries of the new Ul easement. Three models
were developed to conservatively evaluate EMF levels for all these variations: XS-A, XS-B, and
XS-C (as shown in Figure 2).

The primary differences among the modeled cross sections were: 1) the phasing of the existing
transmission lines; 2) the separation distance between the new proposed structures and the
existing catenary railroad structures; and 3) the width of the existing CT DOT corridor (and new
Ul easement). These dimensions are shown graphically in Figure 1 and a summary of the range
of distances is summarized in Table A-1. During modeling, Exponent conservatively used the
minimum distances between the catenary structures and the existing CT DOT boundaries on
both the north and south sides to represent the highest EMF levels at these boundaries. The
EMF calculations were performed for three models of route segments that describe more than
90% of the route, excluding only transition structures, structures outside substations and some

road/highway crossings.

XS-A represents portions of the Project route between the Milvon and Allings Crossing
Substations, specifically, the portions bounded by structures P888N to P898N and P959N to
P990N. The existing line is constructed on top of railroad catenary structures, supported by

metal bonnets.

XS-B represents portions of the Project route between the Milvon and EImwest Substations,
specifically the portions bounded by structures P898N to P910N, P914N to P929N, P990N to
P1007N, and P1009N to P1017N. The existing line is constructed on top of railroad catenary

structures, supported by metal bonnets.

A-1
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XS-C represents portions of the Project route between the Milvon and Woodmont and between
Allings and West River Substations, specifically the portions bounded by structures P929N to
P956N, P1024N to P1028N, P1030N to P1038N, and P1043N to P1049N. The existing line is

constructed on top of railroad catenary structures, supported by metal bonnets.
Loading

The flow of electrical current on conductors is commonly referred to as the load or loading. Ul
Transmission Planning provided the pre- and post-Project loadings for the Project-related 115-

kV transmission lines, based on reports from ISO-NE as described below.

Ul is required by the CSC’s BMP to provide calculations of EMF for “pre and post project
conditions, under: 1) peak load conditions at the time of application filing, and 2) projected
seasonal maximum 24-hour average current load on the line anticipated within five years” of the
operational in service date.® The loading along the route varies as the transmission lines enter
and exit various substations and hence magnetic-field levels also will vary along the route. The
loading selected to calculate the magnetic fields from each model (XS-A to XS-C) was the

highest loading of any segment within the respective group.

Line loadings for existing and proposed conditions were provided by Ul. The maximum
average and peak loading values of transmission lines in each cross section were used in

modelling, regardless of the other route segments.

9 Connecticut Siting Council (CSC). Electric and Magnetic Fields Best Management Practices for the
Construction of Transmission Lines in Connecticut (Revised February 20, 2014). New Britain, CT: Connecticut
Siting Council, 2014, p. 6.

A-2
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Table A-1. Modeled transmission line segments, distances from old to new structures and corridor and easement

boundaries

Dimension I: Dimension Il:

Distance from Distance from Dimension lll: Dimension IV:
catenary structure = catenary structure to New pole distance New pole distance
to existing CT DOT existing CT DOT from existing to new Ul

corridor north corridor south catenary structure easement north

Route Section Structure Numbers boundary (feet) boundary (feet) (feet) boundary (feet)

Milvon to Woodmont P888N to P898N 45-71 7-71 24 — 36 32
Woodmont to Allings P959N to P990N 43 - 143 15-116 22 -42 32
Crossing

Cross section XS-A modeling parameters 43 7 22 32
Milvon to Woodmont P898N to P910N, 21-91 10-80 20-33 32

P914N to P929N

Woodmont to Allings P990N to P1007N 36 -76 10 - 43 24 - 31 32
Crossing
Allings Crossing to P1009N to P1017N 31-58 21-33 20-51 32
Elmwest

Cross section XS-B modeling parameters 21 10 20 32
Milvon to Woodmont P929N to P956N 26 - 97 10-103 18 - 69 32
Woodmont to Allings P1024N to P1028N 34 - 46 25-55 21-51 32
Crossing
Elmwest to West River P1030N to P1038N, 11-106 10-85 21-51 32

P1043N to P1049N

Cross section XS-C modeling parameters 11 10 18 32

2004472.000 - 2140
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Loading levels were provided to Exponent by Ul. Excerpts from the power flow analysis

supporting these load levels are quoted below.

Forecast values in the 2020 ISO-NE [Independent System Operator of New
England] Capacity, Energy, Loads, and Transmission (CELT) Report were used
to determine specific load levels ... The ISO-NE CELT report forecasts load
data for ten years (e.g. 2020-2029); consequently, load forecasts for the full five
years after the final transmission line segment goes into service are not available
... therefore the 2029 forecast provided in the CELT Report was the final year

considered for this analysis.°

The analysis steps performed by Ul for determining the Peak Daily Average Load (2025-2029)

include:

e Ul first “[c]ollect[ed] actual hourly NE Load levels by using the ISO-NE SMD hourly
data from the year prior to the CELT publication year ... The 2020 CELT report is based
on 2019 data and so this data was used to maintain consistency. The hourly data can be

found here: http://www.iso-ne.com/isoexpress/web/reports/pricing/-/tree/zone-info.”

e Next, UI “[d]etermine[d] the peak daily average load by finding the average load for
each day of the year and then determining the single day with the highest value ...”

e Finally, “[t]o estimate the value within 5 years of the project in-service date, [UI]
scale[d] the actual maximum daily average load by the New England load growth rate
from the data year until the projected load year. This can be deduced from the CELT
report ... Growth rate = (Projected system peak load)/(Data year peak load).”

The specific loading values used in the calculations of magnetic fields are classified
as Critical Energy/Electric Infrastructure Information (CEII) and available to the CSC

upon request.

10 Milvon — West River 115 kV Transmission Line Rebuild Flow Study: Power Flow Analysis Report (5/4/2021).

A-4
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Table B-1. Magnetic-field levels (mG) at average loading

Location
—-100 feet from —New Ul —Existing CT DOT +Existing CT DOT +100 feet from
Existing (Northern) CT (Northern) (Northern) (Southern) Existing (Southern)
Cross DOT Corridor Easement Corridor Corridor CT DOT Corridor
section Configuration Boundary Boundary Boundary Maximum Boundary Boundary
Existing 2.1 15 21 71 63 3.9
XS-A
Proposed 2.1 28 40 57 4.6 0.6
Existing 3.0 16 45 73 60 3.7
XS-B
Proposed 3.5 29 58 58 4.6 0.6
Existing 4.0 19 65 80 67 4.1
XSs-C
Proposed 4.7 32 62 65 54 0.7
Table B-2. Magnetic-field levels (mG) at peak loading
Location
-100 feet from —New UI —Existing CT DOT +Existing CT DOT +100 feet from
Existing (Northern) (Northern) (Northern) (Southern) Existing (Southern)
Cross CT DOT Caorridor Easement Corridor Corridor CT DOT Corridor
section Configuration Boundary Boundary Boundary Maximum Boundary Boundary
Existing 1.9 14 19 66 58 3.6
XS-A
Proposed 2.0 26 38 53 4.3 0.6
Existing 3.1 16 46 75 62 3.8
XS-B
Proposed 3.5 30 60 60 4.8 0.7
Existing 43 20 70 86 72 4.4
XS-C
Proposed 51 35 66 69 5.8 0.8

B-1
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Table B-3. Electric field levels (kV/m)
Location
—100 feet from —New Ul —Existing CT DOT +Existing CT DOT +100 feet from
Existing (Northern) (Northern) (Northern) (Southern) Existing (Southern)
Cross CT DOT Corridor Easement Corridor Corridor CT DOT Corridor
section Configuration Boundary Boundary Boundary Maximum Boundary Boundary
Existing <0.1 0.1 0.2 0.7 0.5 <0.1
XS-A
Proposed <0.1 0.3 0.5 0.6 <0.1 <0.1
Existing <0.1 0.2 0.5 0.7 0.6 <0.1
XS-B
Proposed <0.1 0.3 0.6 0.6 <0.1 <0.1
Existing <0.1 0.2 0.6 0.7 0.6 <0.1
XS-C
Proposed <0.1 0.3 0.6 0.6 <0.1 <0.1

2004472.000 - 2140
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Table D-1. Locations identified for measurements by Ul
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Measurement Model Distance

Area XS from New

Location Name Category Location Address (Table D-2) Number Line (ft)
Ging%rfbmﬁgrgouse Day Care (IE/IJEIfEir\(frCS'I'L Adjacent Area 7 XS-B Nor'ih75$ ide
Day Care Day Care \?;\ZeStegzra%/ir?,th Adjacent Area 20 XS-C Sou:;riss 12
GGEEING | ooy care_| oo Washigon pmeon preats | xon | e
Beaver Brook Trails ch?rr::ti%)n &?#O%eséﬁ Ve Beyond Area 15 XS-A N0r~t23%ide
Playground Playground l%/l_i}f%)rgiucs'lg Beyond Area 9 XS-B ?gét?osggg
seyonspreas | Tt | o S
Milford Center for Youth Camp 4Q Railroad Ave. Pin 9 Transition South Side

the Arts Milford, CT Spans 65

Residential Area 1 Residential \l\//lviiztrévg;r Area 15 XS-A l\é%rttf; ggdse
Residential Area 2 Residential ?\A/lliﬁz?cifgct:?rn St Area 16 XS-A l\;c;rttg ggdoe
Residential Area 3 Residential :\D/lﬂgfg lE:nT Area 14 XS-A ‘zcl);tpoiigg
Residential Area 4 Residential ;ﬁ?&g‘"git' Area 10 XS-B l\é%rttf; gisdse
Residential Area 5 Residential 33}13?; 'é'.ll_l St Area 11 XS-B ‘Eggtposggg
Residential Area 6 Residential ::I/lﬂ][g: dc?fg_? lIroad Ave. Area 9 XS-B '\é%rttz iifse
Residential Area 7 Residential Eﬂriﬁg? d,SéT Area 12 XS-B gggt{]ozigg
Residential Area 8 Residential I\B/lriﬂg? d,SE:T Area 13 XS-B gggtposzigg
e Pty | Reswenuar | BosdSt weata | xsw | soubsee
Residence 1 Residential fﬂ:ﬁggfgté’; Pin 2 Tr;gzir:isn Sou;t;g,.ide
Residential Area 9 Residential I\D/l?};ior:z,Pcl:-T Area 8 Tr;gzir:isn 'ilgét?oszigg
Residential Area 10 | Residential Eﬂriﬁif(ic(t:_ls_t' Area 7 XS-B l\;(())rttg g(i)dse
Residence 2 Residential &/Iliﬁol;lciwcﬁaven Ave. Pin 3 XS-B SougéOSide
Residential Area 11 | Residential Eig,m}?ﬁ? d,,A\C/:?I:/Buckingham Area 6 XS-B icl)gtpo%igg
Residence 3 Residential ﬁ/ﬁlgﬂf it'l' Pin 4 XS-B Norgé(?ide
Residential Area 12 | Residential ,\Bﬂl:l?cl)(rlgg?:?rm Ave. Area 5 XS-B Sg%utg ,iia%e
Residential Area 13 | Residential ,\N/Iﬁ}’;rg?\g_n Ave. Area 4 XS-C iggtpozigg
Residence 4 Residential &?ﬁoﬂdg? on Ave. Pin 5 S'Al\;:)j;;?ir(])tn Sou;gos ide
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Figure D-6.  Areas 5 and 6 (in Milford). Orange lines show the distance of 300 feet from the
proposed transmission line.

Figure D-7.  Areas 7 — 13 (in Milford). Orange lines show the distance of 300 feet from the
proposed transmission line.

D-8
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Figure D-16. Electric and magnetic field measurements collected along the transect path
depicted in Figure D-15.
Table D-2. Measured magnetic fields and electric fields along the northern and
southern sections of the planned route and at measurement locations
1-26 and P1 - P8*
Measured magnetic field Measured electric field
Locations (mG) (kV/m)
Locationt covered Min Mean Max Min Mean Max
Approximately
Corridor Campbell Ave. to
North the CT Turnpike 4.1 22 82 0.22 0.30 0.46
overpass
. Approximately
Corridor —yjitord station o~ 2.0 20 60 0.19 0.31 0.51
South 1
Gulf St.
. Approximately
Corridor 5o rdsley Road 2.2 23 197 0.21 0.24 0.29
South 2 . .
to Milford station
Approximately
Corridor Boston Post
South 3 Road to 1.3 23 142 0.18 0.25 0.50

Beardsley Road

2004472.000 - 2140
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Measured magnetic field Measured electric field
Locations (mG) (kV/m)
Locationt covered Min Mean Max Min Mean Max
Area 1 Heenan Dr., 0.2 1.2 3.4 <0.1 <0.1 <0.1
Milford
Area 2 Bree;y Ln., 0.1 0.2 0.3 Not measured*
Milford
Area 3 Marple Ln., 0.3 0.4 0.6 Not measured*
Milford
Areaq ~ NewHavenAve, g 23 41 <0.1 <0.1 <0.1
Milford
Buckingham 5
Area 5 Ave.. Milford 1.3 6.9 14 <0.1
New Haven Ave.
Area 6 / Buckingham 0.3 2.6 4.9 <0.18%
Ave., Milford
Prospect St., 5
Area 7 Milford 0.2 2.5 12 <0.1
Area 8 Darina P, 03 27 8.0 <0.1 <0.1 <0.1
Milford
North of Railroad
§
Area 9 Ave.. Milford 0.1 53 16 0.18
Area 10 Pearl Hill St., 1.1 40 19 <0.18
Milford
Area11 ~ CGoldenHillSt, g g 23 9.5 <0.18
Milford
Area 12 Bro_ad St., 0.8 1.5 2.4 Not measured*
Milford
Area 13 Brogd St., 0.6 2.0 11 Not measured*
Milford
Dorsey Ln., 5
Area 14 Milford 0.5 1.2 4.3 <0.1
West Ave.
' §
Area 15 Milford 0.1 2.3 10 <0.1
Arealg ~ ‘WashingonSt, 3.0 13 <0.18

Milford

D-14
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Measured magnetic field Measured electric field
Locations (mG) (kV/m)
LocationT covered Min Mean Max Min Mean Max
Around Phipps
Area 17 Lake, West 0.010 1.4 6.2 <0.1 <0.1 <0.1
Haven
South Side of
Area 18 Elm St., West 0.4 1.4 5.4 Not measured?
Haven

North Side of Elm 5
Area 19 St., West Haven 1.0 4.7 22 <0.1

George St.,
Washington Ave.,
Area 20 Wood St. Union 0.4 1.4 5.6 <0.18
Ave., 41 Ave.,
West Haven
Wood St. and 1st
Area 21 Ave., West 0.4 2.1 3.3 Not measured?
Haven
Richards St. and
Area 22 Mix Ave., 0.1 2.7 14 <0.18
West Haven
Washington Ave.
Area23 ~ andN.Union —p 3.0 13 <0.18
Ave., West
Haven

Clark St.,
West Haven

Area 24 0.4 2.3 8.1 Not measured*

Grant St.,

i
West Haven 2.3 4.3 6.2 Not measured

Area 25

Morris St.,

§
New Haven 1.8 8.7 21 <0.1

Area 26

Mixed use
Pin 1 apartments, 15 18 1.9 Not measured*
Daniel St., Milford

2 Depot St.,

Pin 2 Milford

0.6 2.8 55 Not measured*

. 118 New Haven
1
Pin 3 Ave.. Milford 2.1 3.0 5.2 Not measured

88 Gulf St.,

s
Milford 0.3 0.5 0.9 Not measured

Pin 4

Anderson Ave.,

1
Milford 55 8.4 14 Not measured

Pin 5

50 Callegari Dr.,

1
West Haven 0.3 0.4 0.5 Not measured

Pin 6

D-15
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Measured magnetic field

Measured electric field

Locations (mG) (kV/m)
Locationt covered Min Mean Max Min Mean Max
pin7  18HoodTerace, 0.5 0.8 Not measured?
West Haven

62 Phillips

Pin 8 Terrace, West 0.4 2.0 11 Not measured*
Haven

Pin 9 40 Railroad 15 17 20 Not measured?

Avenue, Milford

* Areas with residences within 100 feet of the proposed structure are marked in highlighted text, consistent with

labeling in Table D-1.

1 Note that UI’s proposed new easement extends north from the existing CT DOT corridor.
1 The electric field was not measured at this location.
§ Maximum and minimum value statistics were not provided for these locations because only a single electric-field

measurement was obtained.
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Certificate of Calibration

The calibration of this instrument was controlled by documented procedures as
outlined on the Certificate of Testing Operations and Accuracy Report using
equipment traceable to N.IS.T.. ISO/IEC 17025:2017(E). and ANIZ540-1
COMPLIANT.

Instrument Model: EMDEX |l - Standard

Frequency: 60 Hz
Serial Number: 1134

Date of Calibration: 03/19/2021

Re-calibration suggested at one year from above date.

Calibration Inspector: W’ /“p«r

EMDEX LLC

1356 Beaver Creek Drive
Patterson. California 95363
(408) 866-7266
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